Introduction {#S0001}
============

Dry eye disease (DED) is one of most common ocular diseases and reason for primary eye care visits worldwide. Symptoms of dry eye may vary from mild ocular discomfort to severe fatigue, which may affect daily activities and quality of life.[@CIT0001]--[@CIT0003] The prevalence of dry eye ranged from 4.3% to 75% in several population-based studies.[@CIT0004]--[@CIT0011] This large variation is attributed to the difference in study population and also the lack of standardized definition for the diagnosis of dry eye.[@CIT0002]

There are limited reports of dry eye prevalence in Asia, especially those from Southeast Asia. Previous studies revealed that the prevalence of dry eye ranged from 21% to 73.5% using a symptoms questionnaire.[@CIT0004],[@CIT0006],[@CIT0008],[@CIT0011] There was a report of population-based data in a single province in a western area of Indonesia, with an average age of 37 years, who used self-diagnostic questionnaires without objective tests and the prevalence of dry eye was 27.5%.[@CIT0003] The information is even more limited on the prevalence of DED in the elderly population in Indonesia.

In daily clinical practice, tear film and dry eye assessment are often performed in symptomatic patients to confirm the diagnosis of dry eye. However, it must be kept in mind that dry eye symptoms and signs are not well associated, as reported in previous studies.[@CIT0012],[@CIT0013]

As in Dry Eye Workshop II (DEWS), released in 2017, a subclassification of dry eye was recommended which described a wide range of possible dry eye subcategories. The classification scheme in DEWS II allowed for consideration of cases where patients exhibit dry eye symptoms without evidence of obvious signs, or present with marked signs without positive symptoms.[@CIT0014]

DED is prevalent in older adults. Older adults are particularly susceptible to inadequate tear production because of lacrimal gland dysfunction, altered reflex secretion, diminished corneal sensation, or inflammatory destruction of lacrimal glands.[@CIT0015] Abnormalities in eyelid positioning, abnormal corneal sensation, and decreased blink reflex are significant contributors to rapid tear film break-up and evaporation and are seen increasingly in older adults.[@CIT0016],[@CIT0017] Inflammation and oxidative stress, which increase in aging, may also play a key role in dry eye development in the elderly.[@CIT0018] Notably, older men and women are almost twice as likely to have dry eyes compared with their younger counterparts.[@CIT0015] Large epidemiological studies noted that dry eye prevalence increases in women and men every five years after the age of 50, with greater prevalence in women compared to men.[@CIT0004],[@CIT0019]

Cataracts are one of the most common causes of visual impairment in the world, and advancing age is the single most important risk factor for cataracts.[@CIT0020] Cataract surgery is the most common procedure performed by ophthalmic surgeons. Nevertheless, patients\' dissatisfaction may arise during the postoperative period due to unresolved ocular surface disease, including dry eye.[@CIT0021] It is known that cataract surgery may induce or exacerbate a pre-existing dry eye condition.[@CIT0022] The incidence of dry eye after phacoemulsification has been reported to be 9.8%.[@CIT0023]--[@CIT0025] The clinical importance of DED seems to be high considering the adverse effects on quality of life, however preoperative prevalence of dry eye in cataract patients has not been studied extensively.

With an increasingly aged population, increased life expectancy, and requirements of cataract surgery, the presence of DED must be anticipated and cannot be overlooked. Therefore, to obtain prevalence of dry eye and its subtypes in the elderly population planned to undergo cataract phacoemulsification surgery in Jakarta, Indonesia, we conducted this study.

Patients and Methods {#S0002}
====================

This was a cross-sectional study of consecutive patients scheduled to undergo standard phacoemulsification cataract surgery at two JEC Eye Hospital sites in Jakarta, Indonesia, conducted between March to June 2017. Ethical approval for this study was waived by the Institutional Review Board (IRB) of JEC Eye Hospital because the research had very minimal risk of harm to subjects, if any. Specific examinations performed with intent for this study were not invasive. Based on these rationales, the IRB then dismissed the need for ethical approval. Nevertheless, informed consent was obtained from all individual participants and the study was in adherence to the tenets of the Declaration of Helsinki and all national laws.

Forty-nine patients of at least 50 years of age due for routine cataract phacoemulsification surgery were included in this study. Exclusion criteria were any intraocular surgery in the previous 3 months and laser vision correction in the previous year before patient enrollment. Additionally, patients with history of ocular allergy, coexisting pterygium, and patients who has been on routine use of artificial tears or lubricants were excluded.

Preoperatively, all eligible subjects underwent a series of tests which included a structured Ocular Surface Disease Index (OSDI) questionnaire, noninvasive tear film break up time (NIBUT), and Schirmer test without anesthesia. These objective tests were done on both eyes, however only the eye with the most severe NIBUT was used for analysis. The Schirmer test without anesthesia is a part of routine assessments for every patient due to undergo cataract surgery in our hospital. Whereas the OSDI questionnaire and NIBUT were performed purposely for this research.

Data Collection {#S0002-S2001}
---------------

Trained interviewers administered the OSDI questionnaire which consisted of 12 questions to assess any symptoms on the ocular surface along with other demographic data. The OSDI questionnaire has 3 assessment categories: ocular symptoms, visual function, and triggering or environmental factors. We modified the questionnaire by excluding question numbers 4 and 5 which assess the presence of impaired and poor vision, as shown in [Figure 1](#F0001){ref-type="fig"}, since it may be difficult to differentiate whether the cause of these symptoms was cataract alone or combined with dry eye conditions. A similar method was used in another study.[@CIT0018] The total OSDI score was calculated using the following formula: sum of all answered questions × 100/total number of answered questions × 4. The OSDI scores range from 0 to 100. OSDI score ≥13 indicates the presence of dry eye symptoms.Figure 1Ocular surface disease index (OSDI) questionnaire used for this study. Question 3 and 4 were not applicable (NA) for all subjects due to the possibility of interference from the cataract.

The NIBUT was evaluated using Tearscope^®^ (Keeler Ltd, Windsor, UK) and was performed before the Schirmer test to avoid any unwanted interference. Time was measured using a built-in stopwatch in the device, and was started at the beginning of eyelid opening and stopped at the first appearance of grid distortion. The test was repeated three times and the average time was recorded. NIBUT was considered shortened if \<10 seconds.

The Schirmer test was determined last without the aid of topical anesthesia. A precalibrated dry filter strip (Akriti Oculoplasty Logistics, Hyderabad, India) was placed at the junction of the middle and lateral thirds of the lower eyelid. The patient was asked to close his or her eyes. After 5 minutes, the strip was removed, and the amount of wetting was recorded. A Schirmer test result of \<10 mm was considered low.

Subjects were then categorized into one of 4 groups: DED, preclinical dry eye, predisposition to dry eye, and normal group. DED was defined if the patient had positive symptoms with shortened NIBUT, preclinical dry eye was defined as having symptoms with normal NIBUT, predisposition to dry eye was defined if the patient did not have symptoms but NIBUT was shortened, and the normal group had no symptoms with normal NIBUT.

Statistical Analysis {#S0002-S2002}
--------------------

Statistical analysis was performed to describe the distribution of symptoms and signs and to explore the association between symptoms and clinical signs of dry eye. The normality of the data was checked with the Shapiro--Wilk test. The results were presented as mean ± SD or median (range) according to the distribution of the data, and percentages. Quantitative data using independent-samples *t*-test or Mann--Whitney test and ANOVA or Kruskal--Wallis test according to the data distribution. A *P* value of \<0.05 was considered statistically significant. All statistical analysis was done using IBM SPSS 23.0 (SPSS Inc., Chicago, IL).

Results {#S0003}
=======

Forty-nine eyes from 49 subjects scheduled for cataract phacoemulsification surgery were analyzed. The age of the subjects ranged between 50 and 83 years and the ratio between male and female was 1:2. Twenty-two subjects (44.8%) were categorized as symptomatic while the other 27 subjects (55.2%) were asymptomatic. The prevalence of DED, preclinical dry eye, predisposition to dry eye and normal subjects were 22.5%, 22.5%, 26.5% and 28.5%, respectively.

The demographic and clinical characteristics of each subtype are shown in [Table 1](#T0001){ref-type="table"}. OSDI and NIBUT inevitably showed significant difference between all groups because categorization into each subtype was based on these parameters. However, in terms of OSDI, pairwise comparison showed that there was no significant difference between DED group and preclinical dry eye group neither between predisposition to the dry eye group and normal group. In terms of NIBUT, no significant difference was found between the DED group and predisposition to dry eye group or between the preclinical dry eye group and normal group. However, the Schirmer score was significantly lower in the DED group compared to the other dry eye subtypes.Table 1Prevalence and Characteristics of Each Dry Eye SubtypesSymptomatic (n=22)Asymptomatic (n=27)P valueDED (n=11)Preclinical DE (n=11)Predisposition to DE (n=13)Normal (n=14)Age (years)75.0 (50--80)62.7 ± 6.066.8 ± 5.666.2 ± 9.10.173^a^Gender (n \[%\]) Male4 (36.4)3 (27.3)4 (30.8)5 (35.7) Female7 (63.6)8 (72.7)9 (69.2)9 (64.3)OSDI score30.5 ± 7.929.2 (15.6--42.9)7.3 ± 4.15.4 (0--12.5)\<0.001^a^\*NIBUT (seconds)7.9 ± 1.512.4 (10.5--19.3)7.6 ± 1.215.1 (10.4--28.9)\<0.001^a^\*Schirmer (mm)4.0 (2--17)10.2 ± 6.111.1 ± 7.09.0 (4--28)0.042^a^\*[^1][^2]

To see if age affected the findings in our study, we performed additional analysis by dividing the subjects into two age groups, ≤70 years and \>70 years, as shown in [Table 2](#T0002){ref-type="table"}. The percentage of subjects with DED was higher in the \>70 years group. In the ≤70 years group, most subjects (33.3%) fell into the preclinical dry eye subtype. Subjects with older age \>70 years also had significantly lower NIBUT and Schirmer scores.Table 2Prevalence and Characteristics of Each Dry Eye Subtypes According to Age GroupsAge ≤70 Years (n = 33)Age \>70 Years (n = 16)P valueGender (n \[%\]) Male97 Female249DE subtypes (n \[%\]) DED4 (12.1)7 (43.8) Preclinical DE11 (33.3)0 (0) Predisposition to DE8 (24.3)5 (31.2) Normal10 (30.3)4 (25.0)OSDI score12.5 (0--42.9)10.4 (0--45)0.669^a^NIBUT (seconds)11.6 (6.2--28.9)8.8 ± 3.10.005^a^\*Schirmer (mm)10.0 (2--28)5.0 (2--20)0.031^a^\*[^3][^4]

[Figure 2](#F0002){ref-type="fig"} illustrates the comparison of NIBUT between males and females in both age groups, whereas [Figure 3](#F0003){ref-type="fig"} compares the Schirmer score. In NIBUT, the significant difference between the two age groups was observed only in male subjects (p = 0.011) with NIBUT 16.0 ± 6.6 and 8.3 ± 2.3 seconds in the age group ≤70 years old and \>70 years old, respectively. We found similar results in terms of the Schirmer score. Significant difference was found only in male subjects (p = 0.016) which were 10.0 (4--28) and 4.0 (2--10) mm, in age group ≤70 years old and \>70 years old, respectively.Figure 2Difference of NIBUT in male and female subjects between age group ≤70-years-old and \>70-years-old. Significant difference of noninvasive break up time (NIBUT), marked with an asterisk (\*), was observed only in male subjects between age group ≤70-years-old and \>70-years-old.**Notes:** Statistical analysis with Student's *T*-test; significance is indicated with asterisks.Figure 3Difference of Schirmer score in male and female subjects between age group ≤70-years-old and \>70-years-old. Significant difference of Schirmer score was also found only in male subjects between age group ≤70-years-old and \>70-years-old.**Notes:** Statistical analysis with Student's *T*-test; significance is indicated with asterisks.

Discussion {#S0004}
==========

To the best of our knowledge, this is the first hospital-based study to investigate the prevalence of DED in the elderly population in Indonesia. This is also the first study to evaluate the preoperative condition of dry eye and its subtypes in the Indonesian population. We strongly encourage further exploration as our findings may relate to the prevalence of post-cataract surgery dry eye.

Research into dry eye has been challenging as there are different diagnosis criteria, study population, the use of dry eye symptoms questionnaire, and objective tests. Although there have been many similar studies outside Indonesia, we felt the urge to perform dry eye evaluation because of the previously listed problems.

In alignment with the definition, the DED classification according to the DEWS II report recognizes the necessity of symptomatic involvement and the presence of associated ocular surface signs in making a diagnosis of DED. Besides DED, other subtypes were also described which consisted of symptoms without signs or preclinical dry eye and signs without symptoms or predisposition to dry eye.[@CIT0014]

In our study we found that the prevalence of DED was 22.4%. The same percentage of subjects fell into the preclinical dry eye subtype as they had symptoms but were not supported with decreased NIBUT. However, it needs to be kept in mind that there are other homeostasis markers for dry eye besides tear break up time.[@CIT0014] These markers are osmolarity and ocular surface staining, which unfortunately were not measured in this study. The prevalence of DED might be higher if subjects with preclinical dry eye were proven to have tear hyperosmolarity or ocular surface damage.

The clinical characteristics of dry eye subtypes indicated some interesting results. DED and preclinical dry eye subtypes both had moderate symptoms according to the OSDI. Despite having significantly lower NIBUT and Schirmer scores, DED subjects did not have more severe symptoms than those with preclinical dry eye. A recent systematic review reported that associations between DED signs and symptoms were low and inconsistent.[@CIT0026] Previous literatures have shown that signs of dry eye did not correlate well with either frequency or severity of symptoms.

Another interesting point was the explanation for positive symptoms in subjects with preclinical dry eye. Compared to DED subtypes, subjects with preclinical dry eye had significantly higher NIBUT and Schirmer scores, which were no different to those of normal subjects. The reason that may explain the presence of positive symptoms in this subtype is the possibility of abnormality in other homeostasis markers, such as tear hyperosmolarity or the presence of ocular surface damage. Tear hyperosmolarity was reported to be associated with DED symptoms and OSDI in previous studies.[@CIT0027],[@CIT0028] The presence of ocular surface staining may also contribute to increased symptoms, although studies showed conflicting significances.[@CIT0026] Another possibility is the presence of neuropathic pain if all homeostasis markers were proven negative. Discordance between symptoms and signs of dry eye with symptoms outweighing signs should prompt consideration of neuropathic mechanisms being involved.[@CIT0029],[@CIT0030]

Subjects with predisposition to dry eye showed shortened NIBUT similar to DED group but without considerable symptoms. Compared to DED subtype, these subjects had higher Schirmer scores. As previously mentioned, dry eye symptoms and signs might not be well-correlated. However, previous studies show that a low Schirmer result was significantly associated with dry-eye symptoms in this elderly Asian population,[@CIT0031] which is similar to our study. It is also important to note that some dry eye conditions were associated with decreased corneal sensitivity which might explain the absence of symptoms. Baseline subbasal nerve fiber length was significantly lower in patients with dry eye compared to normal subjects, which is associated with decreased corneal sensitivity.[@CIT0032] This might explain why a group of patients manifests signs of dry eye yet remains asymptomatic.

The association between age and dry eye was also observed in this study. There was a likelihood of shifting from preclinical dry eye towards DED and from normal towards predisposition to dry eye in older age. Tear film stability was poorer and aqueous production was lower in older age. Previous studies mentioned that decreased tear production is a consequence of lacrimal gland dysfunction, altered reflex secretion, diminished corneal sensation, or lacrimal gland destruction due to inflammation in aging population.[@CIT0015] A similar result was seen in the study by Ozdemir et al[@CIT0033] in which NIBUT was significantly shorter in older age. One factor that may also affect this condition in the elderly population is the tear evaporation rate. Eyelid abnormalities such as laxity or lagophthalmos, meibomian gland dysfunction, and decreased blinking reflex were considered significant contributors to NIBUT shortening and most commonly seen in the elderly.[@CIT0016],[@CIT0017],[@CIT0034]

These changes were markedly seen in males. This is in contrary with the results of most studies. Ozdemir et al found that age-related reduction of TBUT and Schirmer score was parallel in both genders.[@CIT0033] Generally, male had higher prevalence of MGD and older male above 70-years-old had higher incidence of meibomian gland dropout, which might explain the significantly shorter TBUT in older groups.[@CIT0035]

Data showed that women have a higher DED prevalence compared to men. Large-scale epidemiological studies carried out in the United States have shown that the rate of DED in women over 50-years-old is nearly double that in men over 50, at 7% and 4%, respectively.[@CIT0006] The high prevalence of DED among women is also related to hormonal changes as postmenopausal women are proven to have higher incidence of DED.[@CIT0036] The average menopausal age in the Indonesian female population was 50- to 51-years-old.[@CIT0037] Compared to women, DED begins in men at later age. The prevalence of DED in men increased with age, from 3.9% among men 50- to 54-years-old to 7.67% among men 80 years and older.[@CIT0008] Aging in men is accompanied by a progressive, but individually variable decline of androgen levels. Healthy men over 60-years-old may present with serum levels below the range for young men.[@CIT0038] Androgen is important in the development and function of the lacrimal glands, meibomian glands, cornea and conjunctiva. A shortage can cause lacrimal gland dysfunction and aqueous tear deficiency, development of MGD, and increased conjunctival and corneal staining.[@CIT0035] This might explain the findings of significantly lower NIBUT and Schirmer test results in male subjects over 70-years-old, compared to the younger group in our study.

This study is certainly not without limitations. The first and the major drawback is that other parameters such as ocular surface staining, tear osmolarity, and meibomian gland dysfunction, which could have provided valuable information, were not assessed, this is followed by the small number of subjects. Second, other potential biases, such as the use of topical or systemic medications and presence of systemic disease which might interfere with the tear film, were not assessed in this study. Third, the imbalance between male and female subjects might also affect the result.

Conclusion {#S0005}
==========

Our study has shown that dry eye is a common problem among the elderly population with cataracts in Indonesia. We found that the prevalence of DED and preclinical dry eye was 22.45% in each subtype. However, 26.53% subjects were predisposed to dry eye. Care must be taken in all dry eye patients, with additional attention to those presenting without any symptoms, as dry eye may develop after surgery. Further studies with prospective design, larger sample size, and complete tear film and ocular surface evaluation is warranted to provide evident results of DED prevalence and its effect on the outcomes of cataract surgery in the Indonesian population.
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